Memory for the context in which an object appeared was investigated with a version of the spontaneous object recognition paradigm. Sham-operated rats explore familiar objects appearing in incongruent but familiar contexts more than those appearing in congruent contexts, revealing memory for the context in which an object previously appeared. At short delays, perirhinal cortex-lesioned rats were unimpaired on memory for object in context, whereas fornix-lesioned rats showed only a mild impairment. In contrast, postrhinal lesions resulted in severe deficits. However, in a comparable noncontextual object task, postrhinal and fornix lesions had no effect, whereas perirhinal-lesioned rats were severely impaired.
In the rat, perirhinal and postrhinal cortices provide major inputs into the hippocampal system (Burwell, Witter, & Amaral, 1995) and so may be important in learning and memory. In the monkey, parahippocampal cortex is the homologue of postrhinal cortex and is believed to play a similar role (Burwell et al., 1995) . Neuroanatomical (Burwell, 2001; Burwell & Amaral, 1998; Burwell et al., 1995) and behavioral evidence indicates that perirhinal cortex is critical to representations of objects, specifying the configuration of features that uniquely identifies an object in both rats (Eacott, Machin, & Gaffan, 2001; Gaffan, Healey, & Eacott, 2004) and monkeys (Bussey, Saksida, & Murray, 2002; Eacott, Gaffan, & Murray, 1994; Eacott & Heywood, 1996) . In contrast, postrhinal cortex is not involved in object representation, but in the spatial arrangement of objects. For example, c-Fos studies have found that postrhinal, but not perirhinal, cortex shows differential activation in spatial tasks (Aggleton, Vann, Oswald, & Good, 2000; Vann, Brown, Erichsen, & Aggleton, 2000) and for novel arrangements of familiar objects, although not for novel objects themselves (Wan, Aggleton, & Brown, 1999) . Moreover, postrhinal lesions in rats have been shown to impair coding of egocentric spatial relations between objects, but not object perception itself (Gaffan et al., 2004) .
Postrhinal cortex has also been found to play a role in contextual fear conditioning (Bucci, Phillips, & Burwell, 2000; Bucci, Saddoris, & Burwell, 2002) independently of any role in spatial processing (Burwell, Saddoris, Bucci, & Wiig, 2004) , although perirhinal cortex has also been shown to contribute in this paradigm (Bucci et al., 2000 (Bucci et al., , 2002 Corodimas & LeDoux, 1995) . Although it has been suggested that perirhinal and postrhinal cortices play different roles in such tasks (Bucci et al., 2002) , no direct evidence of such a dissociation has yet been reported.
Therefore, the present study used a version of the spontaneous object recognition task (Ennaceur & Delacour, 1988) to investigate memory for objects and contexts. In intact animals, a change in context between two presentations of an object results in increased exploration of the object, even when all objects and contexts are themselves familiar (Dellu, Fauchey, LeMoal, & Simon, 1997; Dix & Aggleton, 1999) , revealing memory for the context in which the object was originally experienced. Hippocampal lesions have been reported to impair such object-in-context discriminations (Mumby, Gaskin, Glenn, Schramek, & Lehmann, 2002) , but the effects of perirhinal or postrhinal lesions in this type of contextual processing are unknown. Consequently, we used this paradigm to compare the contributions of hippocampus (via fornix lesions), perirhinal cortex, and postrhinal cortex in memory for object-context configurations. With delay, perirhinal lesions cause object-recognition impairments Ennaceur, Neave, & Aggleton, 1997; . To prevent such effects, in the current study, we used relatively brief delays, and in Experiment 3 we confirmed that at these delays there were no object recognition impairments. Consequently, we hypothesized that perirhinal cortex lesions would not produce impairments in the object-in-context task (Experiment 1). In contrast, lesions of postrhinal cortex and of the fornix were predicted to reveal impairments. To explore the interplay between objects and contexts, we contrasted this task in Experiment 2 with a similar but noncontextual object task in which the configuration of two objects served in place of the configuration between an object and a context.
Method
Subjects light-dark cycle), and all testing was carried out during the light phase. Throughout the study, rats had ad-lib access to both food and water. At the time of surgery, the subjects were approximately 3 months old.
Apparatus
All testing was carried out in an open field made of wood, of base dimensions 1 m 2 and height 48 cm. The floor and walls of the open field could be changed to provide two different contexts. In Context 1, the base was painted matte black and the walls matte white. In Context 2, the base consisted of a 1.5-cm 2 mesh of white plastic-coated wire overlaid on a black base, and the walls were natural wood. The objects were placed into the open field equidistant from the sides of the maze. Standard objects used included bottles, jars, tubs, and bowls.
Surgery
Surgery was performed on 50 rats. Three rats died during surgery as a result of anesthetic complications, and 1 rat died from postoperative complications. The remaining 46 rats took part in this study: 12 received bilateral lesions of the perirhinal cortex, 12 received bilateral lesions of the postrhinal cortex, 11 received bilateral fornix lesions, and 11 received sham surgery.
Perirhinal lesions. Each rat was anesthetized with halothane, and its head shaved and positioned in a stereotaxic head holder angled at 5°. An analgesic (0.5 ml; Vetergesic Animal Care, York, UK) was administered subcutaneously. An incision of the scalp was made along the midline and bregma was measured at an angle of 12°. The top of the skull was measured at three points, each 5.1 mm lateral to bregma and, respectively, 3.0, 4.0, and 5.0 mm posterior to bregma. A dental drill was used to remove a portion of the lateral surface of the skull overlying the rhinal sulcus. The dura was cut to allow the insertion of an electrode into the brain. Lesions were made with an RFG4-A radio frequency lesion generator (Radionics, Burlington, MA). The electrode (0.3 mm tip length, 0.25 mm diameter) was lowered at an angle of 12°to 6.6 mm below the top of the skull at each of the three sites, and current was passed such that a temperature of approximately 75°C was achieved for 1 min. Bregma was then measured at an angle of Ϫ12°, and the procedure performed contralaterally. The scalp was closed with wound clips, and antibacterial wound powder was applied. Each rat received 5 ml warmed saline and 0.3 ml of the respiratory stimulant Millophyline subcutaneously.
Postrhinal lesions. The initial procedure was the same as that for the perirhinal lesions, with the exception that, before surgery began, ear bar zero was measured. Following a midline incision, both bregma and lambda were measured. Three lesions sites were calculated on the basis of these landmarks. The calculations were as shown in Table 1 .
Where the calculations based on these sites differed from one another, a weighted mean was used, with greater weight given where two sets of calculations closely agreed. The top of the skull was measured at each of the selected sites. A dental drill was used to remove an area of the skull overlying the rhinal sulcus. The dura was cut at each of the three sites to allow the insertion of an electrode into the brain. The electrode was lowered vertically to a depth calculated according to the final row of Table   1 . Current was then passed such that a temperature of approximately 75°C was achieved for 1 min. The procedure was then repeated contralaterally. The scalp was then closed with the procedure identical to that for the perirhinal lesions.
Fornix lesions. The initial procedure was the same as for the postrhinal lesions. Once the midline incision had been made, bregma was measured, and the first lesion site was calculated as 5.3 mm anterior and 0.7 mm lateral to ear bar zero. The calculation was also made as 0.4 mm posterior and 0.7 mm lateral to bregma. Where the anterior-posterior positions differed between the two calculations a mean was used. A second lesion site was calculated in the same way, but with a mediolateral measurement of 1.7 mm lateral to both bregma and ear bar zero. The skull overlying these sites on each side of the midline was removed in a single section with a dental drill. The top of the dura was then measured at each of the previously calculated lesion sites. The dura was then cut at each site, and at the first lesion site, the electrode was lowered to a depth of 4.5 mm relative to the top of the skull measured at bregma and a depth of 3.7 mm relative to the top of the dura. At the second lesion site, the depth was 4.6 mm relative to the top of the skull at bregma and 3.8 mm relative to the top of the dura. Current was then passed as previously described. The procedure was repeated at the contralateral lesion sites. The scalp was then closed with the procedure described for the perirhinal and postrhinal lesions.
Sham surgery. Initial procedure for the sham-lesioned rats was identical to that for the rats in the lesion group. Four of the subjects had the skull removed as if for a perirhinal lesion, 4 as if for a bilateral postrhinal lesion, and 3 as if for a bilateral fornix lesion. In each case, the procedure was identical to that for the relevant lesion, except that the electrode was not lowered into the brain.
When testing was completed, operated rats were perfused intracardially with a 5% formol-saline solution. Their brains were removed, embedded in wax, and coronally sectioned into 10-m slices. Every 10th section was stained with cresyl violet (Nissl stain).
Behavioral Testing
Habituation. Prior to the start of testing, rats received six habituation sessions. Three of these took place in the open field configured as Context 1, and three in the open field configured as Context 2. The first session in each context took place in cage-mate pairs and lasted for 10 min. The two subsequent sessions in each context took place individually and lasted 5 min. For each habituation session, a different novel object was placed in the center of the maze. Objects used included bottles, candlesticks, and bowls. Objects exposed during habituation were not subsequently used again in these experiments.
Experiment 1: Object-in-context. Experiment 1 was designed to measure the effect of context change on the exploration of objects. There were two exposure phases followed by a test phase (see Figure 1a ). For the first exposure phase, the open field was configured as Context 1 and contained 2 identical copies of an object (A), symmetrically placed, one in each half of the open field. The rat was placed in the open field and allowed to explore until 30 s had been spent exploring the objects. Exploration of an object was defined as the rat's nose being within 1 cm of and oriented Note. All measurements are given in millimeters. AP ϭ anterior-posterior; ML ϭ mediolateral; DV ϭ dorsoventral.
toward the object, sniffing at the object, or otherwise closely attending to the object. This definition excludes using the object merely as support during rearing, or sitting on the object. Exploration was scored in real time by the experimenter by means of a stopwatch, a method that has been shown to have both inter-and intraexperimenter reliability in our laboratory (Norman, 2002) . The rat was then removed from the open field and returned to its home cage. If rats failed to explore for 30 s they were removed after 5 min, returned to their home cage, and the time spent exploring was noted. However, in practice, the rats almost invariably completed 30 s of exploration within the allotted time. The open field was reconfigured as Context 2 and two identical copies of a different object (B) were placed in the field as before. After an interval of 2 min from the end of the first exposure phase, the rat was returned to the field and allowed to explore as before. After removal from the open field after the second exposure phase there was an interval of either 2 or 5 min before the test phase. In the test phase, the open field was configured as Context 1 and contained a copy of the congruent object (A) and the incongruent object (B). (Copies of objects were used to prevent odor cues from previous presentations.) The rat was returned to the field after the appropriate interval and allowed to explore freely for a period of 3 min. The time spent exploring the two objects was recorded. The order in which the contexts and objects were initially explored was controlled for between subjects (for half the rats in each group, Context 2 was seen first), as was the pairing of the objects and contexts (for half the rats, Object B was seen in Context 1). The left-right position of the objects in the test phase was also controlled between subjects. The experiment was repeated four times at each of the two delays used. In two of these, the context used in the test phase was reversed, with the context seen in the second exploration phase being used to control for recency effects and the effects of interspersing of a different context. Different objects were used for each repetition. Any debris was removed from the open field or objects before any reuse, but the use of copies of objects meant that the same physical object was never reused within a test session with a rat, and that object use was totally counterbalanced between rats, thus removing the possibility of any artifact of odor trails and so forth. One test session a day was run, 5 or 6 days a week. Experiment 2: Noncontextual object task. In Experiment 2, standard objects were placed in configuration with another object, instead of in configuration with a background context. Objects designated with capital letters (A) are, for example, candlesticks, jars, or bottles; objects designated with lower case letters (a) are, for example, saucers, soup plates, or ashtrays, upon which other objects could stand. The maze was configured as Context 1 for the whole experiment (see Figure 1b) . In the first exposure phase, the maze contained two copies of an object (A) standing on or in another object (a; for example, a bottle on an ashtray). In the second exposure phase, the maze contained two copies of an object (B) standing on or in an object (b). In the test phase, the maze contained one copy of A standing on a and one copy of A standing on b. Object A standing on Object b was a novel combination. Exploration in each of the phases was as previously described. The order in which objects were seen, the position of objects, and the combinations of objects used were all controlled for between subjects. The experiment was repeated twice at each of the two delays (2 and 5 min) used, with new objects used for each repetition.
Experiment 3: Object recognition (control). Experiment 3 was designed as a control to ensure that the rats were capable of performing a simple discrimination between novel and familiar objects over the delays experienced in Experiments 1 and 2. Because Experiments 1 and 2 used two exposure periods, the time between an object being initially explored and being encountered at test could be more than the nominal 2 or 5 min. For example, in the case of the first context being used at test, the real delay between exposure and test could lie between 7.5 and 12.0 min (that is, 2 min between exposure phases, between 30 s and 5 min for the second exposure, plus the 5-min delay period), although, in practice, delays at the extremes of this range were rarely seen. In view of the evidence that deficits in object recognition can be found at such delays, Experiment 3 was a simple object recognition task (see Figure 1c) , to ensure that the rats could recognize familiar objects over these delays. The rats explored two identical copies of an object (A) in the maze until they had spent 30 s exploring them. They were then returned to their home cage. After a delay of 2, 5, or 10 min, they were returned to the maze, which now contained a new copy of the familiar object (A) and a novel object (N) and allowed to explore for 3 min. The time spent exploring each object was recorded over 3 min. The experiment was repeated twice at each of the delays used, with new objects used for each repetition.
Data Analysis
Following the method of Ennaceur and Delacour (1988) , the difference between the times spent exploring the objects was calculated as a proportion of the total time spent exploring both objects. The calculation was: D ϭ (Total exploration of I -Total exploration of C) Ϭ (Total exploration of I ϩ Total exploration of C), where I is the object in the incongruent context and C is the object in the congruent context. In Experiment 2, the object with the incongruent object was designated as I and the object with the congruent object was designated as C. The equivalent calculation for Experiment 3 was: D ϭ (Total exploration of N -Total exploration of F) Ϭ (Total exploration of N ϩ Total exploration of F), where N is the novel object and F is the familiar object. Repeated measures analyses of variance (ANOVAs) were carried out on each of these measures, followed by post hoc Tukey's tests, where appropriate. One-sample t tests were also carried out to establish whether individual groups' performance differed from chance levels.
Results

Histological Results
Perirhinal. One rat died before perfusion could take place. However, death occurred a substantial time after the completion of testing and subsequent to completion of another series of experiments . During testing in the current study and the subsequent study, there was no indication that this rat's performance was in any way affected by illness or disability. Histological analysis revealed that in all other cases the perirhinal lesions were essentially as intended, extending approximately 3.0 -6.5 mm posterior to bregma, as delineated by Burwell et al. (1995) , although they were not complete, with some sparing of the caudal part of the perirhinal cortex. The estimated amount of damage to perirhinal cortex ranged from 46% to 80%. Figure 2 (left panel) shows the extent of the smallest and largest lesions drawn on standard sections taken from Paxinos and Watson (1998) . Although the lesions were partial, the behavioral results detailed below suggest that they were, in all cases, functional.
Postrhinal. As intended, the lesions were all posterior to those found in the subjects with perirhinal lesions. As can be seen in Figure 2 (middle panel), which shows the extent of the largest and smallest lesions, there was considerable variation in the extent of the lesions, but all were within the area delineated by Burwell and colleagues (Burwell, 2001; Burwell et al., 1995; Burwell & Amaral, 1998) , although the largest had unintended damage to temporal cortex. However, behavioral data, discussed further below, suggested that the performance of this rat was not outside the range of that of other subjects.
Fornix. All the rats had extensive bilateral damage to the fornix. In all cases, the fornix was completely transected at anterior levels, although the anterior-posterior extent of the damage varied. All rats had bilateral damage to the posterior part of the lateral septum in addition to the fornix lesions. There was some hippocampal damage in those rats with more extensive lesions, with 2 showing bilateral damage and 3 showing unilateral damage. There was no damage to the corpus callosum. Figure 2 (right panel) shows the extent of the largest and smallest lesions drawn on standard sections taken from Paxinos and Watson (1998) .
Experiment 1: Object in Context
This experiment examined discrimination on the basis of whether a familiar object was encountered in the same context or a different context relative to previous experience of that object. Because the test phase could use either the first encountered context or the second, at a given nominal delay (2 or 5 min), the actual delay experienced between exposure and test varied according to the context used at test. To account for the possible effects of this, we initially included the context used at test (first or second encountered) as a factor in the analysis. However, the context used at test had no effect, either alone or in interaction with any other factors, and so the context used at test was ignored for the purposes of further analysis. Consequently, the results of the experimental condition were analyzed with a 2 (delay) ϫ 4 (group) ANOVA. This revealed a main effect of group, F(3, 42) ϭ 8.26, p Ͻ .01 (see Figure 3) . Post hoc analysis of this main effect showed that all lesion groups were impaired relative to the sham group (postrhinal, p Ͻ .01; perirhinal, p Ͻ .05; fornix, p Ͻ .01), but there were no other significant differences between the groups. There was no main effect of delay, F(1, 42) ϭ 1.99, p Ͼ .05, but a marginal interaction between delay and group, F(3, 42) ϭ 2.62, p ϭ .06.
Although there was a main effect of group, the marginal interaction of group and delay and examination of Figure 3 suggest that the groups were not equally impaired at all delays. Indeed, one-sample t tests showed that at the 2-min delay, only the postrhinal group did not differ from chance, t(11) ϭ 1.13, p Ͼ .05, whereas all the other groups discriminated at abovechance levels: shams, t(10) ϭ 5.83, p Ͻ .01; perirhinal, t(11) ϭ 3.91, p Ͻ .01; fornix, t(10) ϭ 5.74, p Ͻ .01. At the 5-min delay, however, none of the lesion groups differed from chance: perirhinal, t(11) ϭ 1.16, p Ͼ .05; postrhinal, t(11) ϭ 1.82, p Ͼ .05; fornix, t(10) ϭ 1.90, p Ͼ .05, although the sham-operated group still clearly discriminated, t(11) ϭ 11.47, p Ͻ .01. Accordingly, the marginal interaction between group and delay was further explored. Post hoc analysis of the group differences at each delay showed that at 2 min, the postrhinal group differed from both the sham ( p ϭ .001) and the perirhinal ( p ϭ .02) groups. There were no other significant differences between the groups. However at 5 min, all lesion groups differed from the sham-operated group (perirhinal: p Ͻ .01; postrhinal: p Ͻ .01; fornix: p Ͻ .05), and no other group differences were found ( p Ͼ .05).
There was a trend for the total amount of exploration to differ between the groups, F(3, 42) ϭ 2.80, p ϭ .052, with the sham rats tending to show greater exploration than the perirhinal rats. There was an effect of delay, as the rats explored less at the 5-min delay than at the 2-min delay, F(1, 42) ϭ 10.13, p Ͻ .01, but there was no interaction between delay and lesion (F Ͻ 1).
In summary, although all lesioned groups were impaired relative to the sham group at 5 min, at 2 min, only the postrhinal group showed a significant impairment, being impaired relative to the sham group and failing to discriminate at above-chance levels. In contrast, at 2 min, the perirhinal group was unimpaired relative to shams, discriminated at above chance levels, and performed significantly better than the postrhinal group.
Experiment 2: Noncontextual Object Task
The results of Experiment 2 were analyzed with a 2 (delay) ϫ 4 (group) ANOVA. It revealed a main effect of group, F(3, 42) ϭ 13.49, p Ͻ .001, but no effect of delay (F Ͻ 1) and no interaction between group and delay (F Ͻ 1). Post hoc analysis of the main effects showed that, as can be seen from Figure 4 , perirhinal rats were impaired compared with the sham rats ( p Ͻ .001). They were also impaired compared with both the postrhinal and fornix rats ( p Ͻ .01 in both cases). There were no other differences between the groups. The perirhinal group's performance did not differ from chance at either delay: 2 min, t(11) ϭ 1.04, p Ͼ .05; 5 min (t Ͻ 1), whereas the sham, postrhinal, and fornix groups were all above chance at both delays: 2 min: sham, t (10) Paxinos and Watson (1998) . Reprinted from The Rat Brain in Stereotaxic Coordinates, 4th ed., G. Paxinos and C. Watson, Figures 18, 20, 22, 25, 35, 38, 40, 43, 48, 51, and 54, Copyright 1998 , with permission from Elsevier. severely impaired on this task at both delays, while no other group showed any significant impairment at any delay.
Exploration of the total amount of exploration found no differences between the groups (F Ͻ 1), no effect of delay, F(1, 42) ϭ 3.22, p Ͼ .05, nor any interaction between delay and lesion, F(3, 42) ϭ 2.34, p Ͼ .05.
Comparison of Performance on Experiments 1 and 2
In order to contrast the pattern of performance of the lesion groups on the two tasks, performance on Experiments 1 and 2 was further analyzed. First a 4 (groups) ϫ 2 (tasks) ϫ 2 (delays) ANOVA was performed on the entire data set from Experiments 1 and 2. This revealed a significant main effect of group, F(3, 42) ϭ 18.87, p Ͻ .01, and a significant interaction between group and task, F(3, 42) ϭ 5.45, p Ͻ .01. No other main effect or interaction approached significance ( p Ͼ .10 in all cases). Therefore, there is evidence that the groups differed in the effect the experimental tasks had on performance.
In order to determine the source of the Group ϫ Task interaction, we performed subsidiary ANOVAs (2 groups ϫ 2 tasks), involving the groups pairwise. These analyses revealed a significant Task ϫ Group interaction only when comparing the perirhinal and postrhinal groups, F(1, 22) ϭ 12.96, p Ͻ .01; all other Group ϫ Task interactions failed to approach significance ( p Ͼ .09 in all cases). Thus the source of the Group ϫ Task interaction in the main task analysis above is the difference between the perirhinal and postrhinal groups on Experiments 1 and 2. This suggests that the effect of task on these two groups differed significantly, whereas it did so for no other pair of groups. This difference between the tasks for each group is shown in Figure 5 .
Experiment 3: Object Recognition (Control)
This experiment was designed to ensure that all groups were able to discriminate a novel object from a familiar object at the delays experienced in Experiments 1 and 2. Data were analyzed with a 4 (group) ϫ 3 (delay) ANOVA. It revealed that none of the lesion groups was impaired compared with the sham group, F(3, 42) ϭ 2.30, p Ͼ .05 (see Figure 6 ). There was also no effect of delay (F Ͻ 1). One-sample t tests showed that all groups performed above chance at all delays: sham, t(10) Ͼ 5.50, p Ͻ .01; perirhinal, t(11) Ͼ 2.60, p Ͻ .05; postrhinal, t(11) Ͼ 4.80, p Ͻ .01; fornix, t(10) Ͼ 3.00, p Ͻ .05. Thus, there is evidence all lesion groups were fully able to recognize the objects over the delays used in these experiments.
There was no difference between the groups in total exploration, F(3, 42) ϭ 1.78, p Ͼ .05, but there was a main effect of delay, F(2, 84) ϭ 17.25, p Ͻ .001, as all groups explored the objects more at the 10-min delay than at the 2-min or 5-min delays. There was, however, no interaction between delay and lesion group, F(6, 84) ϭ 1.40, p Ͼ .05.
Discussion
In Experiment 1, sham-lesioned rats explored an object that had been previously encountered in a different context more than one encountered in the same context, revealing memory for the objectcontext association and supporting previous findings (Dellu et al., 1997; Dix & Aggleton, 1999) . Similarly, in Experiment 2, which used the configuration between objects instead of between object and background context, sham-operated rats preferentially explored the novel configuration, demonstrating memory for the object configuration. The postrhinal, but not perirhinal, group was impaired at the shorter delay on memory for the context in which an object had previously been found (Experiment 1), although at the longer delay, all lesioned groups were impaired. However, where an object served in place of the context in the configuration, a selective and severe perirhinal impairment was revealed (Experiment 2). Therefore perirhinal subjects were specifically impaired on the noncontextual object task relative to both shams and other lesioned groups, but were unimpaired on the object-in-context task at short delays. In contrast, the postrhinal group was impaired on the object-in-context task but was unimpaired on the noncontextual object task. These findings represent a classic double dissociation (Shallice, 1988, p. 235 ) and strongly support a functional dissociation between perirhinal and postrhinal lesions on these two tasks. Although the effects of electrolytic lesions cannot be conclusively attributed to damage to the cortical regions themselves, because of the possibility that fibers of passage have been interrupted, this remains the most plausible interpretation of the current results.
The tasks of Experiments 1 and 2 share many similarities. Both tasks involve a novel configuration of an object and another stimulus (context or second object) that is preferentially explored over a familiar configuration. All subjects were able to perform well on at least one version of the task (either Experiment 1 or 2, with contexts or objects, respectively), at least at short delays, suggesting that memory for configurations of objects with other stimuli was not globally impaired in any group. Instead, our results suggest that the postrhinal cortex is specifically involved in the processing of, and memory for, the context in which an object is experienced when the background forms the context. In contrast, postrhinal cortex does not appear to be primarily involved in memory for objects, even when they appear in the same relation to each other as did the object and context in Experiment 1. The postrhinal deficit in the object-in-context task is in accordance with the findings of Bucci et al. (2002) , who reported contextual learning deficits in postrhinal-lesioned rats, although in that case they also reported comparable perirhinal deficits. However, postrhinal cortex has more widely been associated with spatial processing (e.g., Aggleton et al., 2000; Vann et al., 2000; Wan et al., 1999) , including egocentric spatial processing (Gaffan et al., 2004 ). Yet, postrhinal lesions do not cause impairment on simple spatial paradigms (e.g., Burwell et al., 2004; Bussey, Muir, & Aggleton, 1999) , which suggests that the role of postrhinal cortex may not be simply in spatial discrimination. Instead, postrhinal cortex may be involved specifically with the association of objects and places. For example, Wan et al. (1999) found that novel spatial arrangements of familiar objects increased Fos activity in postrhinal cortex. Yet, performance in the current task does not rely on association of an object with a spatial location. Instead, the background context may serve to define a location. According to this view, postrhinal cortex may be involved in the association of an object and a location, whether the location is defined as a point in space or as a place within a specified context or environment. However, we have previously reported that postrhinal rats are unimpaired in an object-place task in which place was defined simply as a point in space . In support of this view, it has recently been found that rats with postrhinal lesions were unimpaired on place learning in a water maze (Burwell et al., 2004) , despite impairments on contextual learning tasks (Bucci et al., 2000 (Bucci et al., , 2002 . The accumulating evidence therefore suggests that postrhinal lesions impair learning about contexts.
The performance of the fornix group on the object-in-context task lay between the good performance of the sham and perirhinal groups and the impaired performance of the postrhinal group. There have been previous reports of impairments in object-incontext tasks in rats following damage within the hippocampal system (Mumby et al., 2002; Simpson, Gaffan, & Eacott, 1998) . There is also evidence that context can modify the output of hippocampal place cells (for a review, see Jeffery, Anderson, Hayman & Chakraborty, 2004) , which may suggest a mechanism for such an effect. Nonetheless, the current fornix group, like Mumby et al.'s (2002) animals and in contrast to the postrhinal group, were still able to show some, albeit mildly impaired, ability in this task at the shorter delays. Thus, this task is not dependent on an intact fornix. Similarities between the role of the hippocampus and the postrhinal cortex have been previously noted. For example, as noted above, novel spatial arrangements of familiar objects increased Fos activity in postrhinal cortex (Wan et al., 1999) , but increased activity was also seen within CA1 field of the hippocampus. Moreover, in monkeys, impairments in object-incontext tasks have been seen following lesions to the anterior thalamus and mammillary bodies (Parker & Gaffan, 1997a , 1997b , structures anatomically closely linked to the hippocampus. The relationship between the postrhinal cortex, hippocampus, and other related structures in such tasks requires further elucidation.
The perirhinal-lesioned group were severely impaired on the noncontextual object task of Experiment 2. Bussey et al. (2002) and Norman and Eacott (2004) suggested that perirhinal cortex is required to configure elements within objects to form meaningful entities. Thus, the two associated objects in Experiment 2 may have been processed as a gestalt. This may be the critical difference between the two tasks here (Experiment 1 and 2) that results in the observed dissociation. Although formally similar in present- ing a novel configuration between an object and another stimulus (context or second object), only in Experiment 2 were the stimuli spatially close and thus likely to be processed as a gestalt or whole object. In contrast, in Experiment 2, the nature of the stimuli (context and object) may have mediated against processing by an object processing system, and thus relied on a dissociable neural mechanism. This interpretation of the deficit supports the conclusion that the perirhinal cortex is involved in object representation (Eacott & Heywood, 1995; Gaffan, 1994; Murray, 1996; Murray & Bussey, 1999) . However, the perirhinal-lesioned rats were also impaired on the object-in-context task at the longer delay, although not at the short delay, despite being unimpaired on simple object recognition at equivalent delays. Perirhinal cortex lesions have previously been reported to impair contextual discriminations in a contextual fear conditioning paradigm over delays of a day or more (Bucci et al., 2002) . This may suggest a contributory role for the perirhinal cortex when processing load or difficulty is high, although this effect needs further investigation.
Comparison of our current results with results previously obtained in this laboratory and using the same subjects ) may prove of interest. We previously reported that perirhinal-and postrhinal-lesioned rats preferentially explored novel configurations of objects, contexts, and places, whereas fornix-lesioned rats did not ). Yet in that task, the location of the object was only novel for a particular context (i.e., all objects, context and positions were familiar, but an object could be in a novel location for a particular context). We can therefore deduce that postrhinal rats are able to detect and use context in order to guide exploratory behavior ), yet, paradoxically, did not do so in the current task. However the role of context in the two tasks may differ. The currently reported task relies on an association between the object and its associated context. Such object-context associations may rely on the postrhinal cortex. However, in the task of Eacott and Norman (2004) , context may have served as a modifier in an object-place association (in Context X, Object A was associated with a left position, whereas in Context Y, Object A was associated with the right position; see Holland & Bouton, 1999 , for further discussion of different types of context associations in learning). Evidence that hippocampal place cells may be modified by contextual information suggests a mechanism by which such an effect could be seen (Hayman, Chakraborty, Anderson, & Jeffery, 2003; Jeffery et al., 2004) . This comparison of the results of the currently reported task and our previous findings supports the view that the postrhinal cortex may be important for object-context associations, rather than the detection or use of context per se. This view of the underlying differences between the current task and that of Eacott and Norman (2004) has similarities to the task referred to as associative-context and relational-context, respectively, by Rosenbaum, Winocur and Moscovitch (2001) and related by these authors to semantic and episodic memories, respectively.
In conclusion, the results of this study show a dissociation that further clarifies the respective roles of the perirhinal and postrhinal cortex of rats in object memory. They indicate that postrhinal cortex plays a crucial role in object-context associations, whereas perirhinal cortex does not. In contrast, perirhinal cortex is critically involved in memory for objects and their constituent parts, whereas postrhinal cortex is not. Moreover, comparison with previously reported findings suggests that the role of postrhinal cortex in context processing is limited to direct object-context associations.
